Objective: To evaluate inflammation-and oxidative stress-related (OxS) background in former athletes in relation to overweight and abdominal obesity status. Design: Cross-sectional data from ongoing follow-up study. Subjects: A total of 60 middle-aged former athletes (46.677.5 years; 181.177.2 cm; 88.1712.9 kg) and 54 age-matched controls (48.177.3 years; 181.476.2 cm; 89.7714.4 kg). Measurements: Anthropometric characteristics, serum lipoproteins (CHOL, HDL-C, LDL-C, TG), oxidized LDL (oxLDL), diene conjugates (DC) and high-sensitive C-reactive protein (hsCRP). Information about the physical activity and other lifestyle variables were collected by the questionnaire. Results: Ex-athletes were characterized by significantly higher physical activity characteristics and lower CHOL and oxLDL in comparison with controls. Correlation analysis among ex-athletes revealed negative associations between all measured overweight data (body mass index, fat percentage, waist to hip circumferences and waist circumference (WC)), and current physical activity. Current physical activity was significantly related to OxS and inflammatory characteristics (oxLDL, DC and hsCRP) among the ex-athletes, but not among the control group. The most expressed positive correlations were found between WC, hsCRP, triglycerides (TG), DC and oxLDL in both study groups. Conclusion: Our study results suggest that there exists an independent (adjusted for potential confounders) association between overweight, abdominal obesity, and atherogenic inflammatory and oxidative stress markers in ex-athletes as well as in age-matched controls. Major findings of our study show that WC is the best correlate of hsCRP, oxLDL, DC and TG levels.
Introduction
Most studies in former athletes have shown lower mortality rates and longer life expectancy, 1-3 mainly due to lower cardiovascular mortality compared to the general population. Particularly, low cardiovascular disease (CVD) prevalence has been reported in former endurance athletes. 4 In this regard, there is compelling evidence that CVD has an important inflammatory and oxidative stress (OxS) component. 5, 6 Thus, clinical strategies have been designed to improve the CVD risk prediction using novel inflammatory and OxS markers, 7, 8 but the existing data on the novel cardiovacular risk factors in relation to lifestyle (including physical activity) in middleand older subjects are still inconsistent. 9, 10 Our research recently revealed that low systemic and cellular OxS status in ex-athletes was clearly related to current physical activity level, not to the previous athleticism. 11 On the other hand, the OxS and inflammatory-related status of the ex-athletes was affected by the overweight and obesity values that need further research. In addition, it is not clear through which important atherogenic markers overweight can express increased cardiovascular risk level in those who have been several years at the upper level of sports activity and are predominantly regularly physically active thoroughout their lives. Thus, former athletes represent a special subgroup of interest concerning the issues of the present study. Obesity and high waist circumference (WC) have been recognized as the risk factors for several chronic diseases including CVD and type 2 diabetes. 12, 13 Futhermore, recently it has been reported that the risk for hypertension may be better identified by higher WC than by higher body mass index (BMI). 14 How obesity is involved in the development of atherosclerosis is a poorly understood issue. It has been suggested that increased systemic profound OxS may be an important mechanism by which obesity increases the prevalence of CVD. 15 However, some studies suggest that obesity does not significantly increase mortality in men who are regularly physically active and who have a good cardiorespiratory fitness level. 16 Most epidemiological studies examining the effects of vigorous physical activity on health have been based on samples drawn from the general population. Over 60% of ex-athletes continue to lead a physically active lifestyle throughout their lives 17, 18 and this increases the statistical power in detecting associations between OxS and inflammatory background, long-lasting regular sports activity, and overweight charateristics. Thus, there is not enough data about the long-term regular exercise in relation to overweight indices and novel cardiovascular risk factors (OxS and inflammatory markers).
The main purpose of the present study was to evaluate the relations between WC and other overweight and abdominal obesity indices, inflammation-and systemic OxS-related markers independent of physical activity level in former athletes and age-matched controls.
Methods

Subjects
The study population consisted of 114 males who were randomly recruited from the ongoing follow-up study with the baseline measurements in 1993-1994. 18 The inclusion criteria for former athletes (n ¼ 60) were their previous participation in endurance sports events and sports games at the international or national level at least 15 years ago. The control group (n ¼ 54) consisted of age-matched male subjects of the ex-athletes who were currently physically inactive and had no competitive sports history. They were mostly fellow workers of the former athletes. All subjects were in excellent health, defined as having no acute infectious disease, chronic medical illness, or prescribed medication regimen. All the males were white and belonged to the middle-to-high socio-economic class. The local Medical Ethics Committee of the University of Tartu approved the protocol and all the participants signed an informed consent document. All study subjects were prohibited from participating in vigorous exercise and from smoking at least 24 h before the examination.
Lifestyle variables
The general health status and lifestyle parameters (smoking, alcohol consumption, dietary habits, etc.) of the study subjects were estimated by the modified questionnaire by Sarna et al. 19 Smoking was classified as never, quit smoking, and current smoker. Additionally, the subjects recorded their competitive athletic history the current sports activity during the past 12 months in detail (mode, weekly frequency, mean duration and intensity). On the basis of this information, the score of leisure-time physical activity was calculated as MET-hours per week (MET is the ratio of the work metabolic rate to the resting metabolic rate). MET was calculated as a product of intensity Â duration Â frequency. The scoring of METs was based on the data of Ainsworth et al., 20 where 4
MET corresponded to walking, 7 MET to jogging, and 12 MET to running.
Anthropometric measurements
Subjects' height and weight were determined by the Martin metal anthropometer (70.1 cm) and clinical scales (70.05 kg), respectively. The BMI was calculated (kg m
À2
). Body fat percentage was assessed by the dual energy X-ray absorptiometry method (Lunar, DPX-IQ, USA). Skinfold thicknesses were measured at chest, abdomen, and thigh 21 by using previously calibrated skinfold calipers (Holtain, Crymmych, UK). The mean of the three measurements was used. For the evaluation of fat distribution, the waist (smallest horizontal trunk circumference) and hip (largest horizontal circumference around the hip and buttocks) were measured, and the ratio of waist to hip circumferences (WHR) was calculated. WC was also used in the analysis. All anthropometric measurements were made by the same welltrained person (Level 1 ISAK anthropometrist). Technical error of measurements (TEM) was less than 6.5% for skinfolds and 1.5% for other anthropometric characteristics (weight, etc.).
Laboratory procedures
Blood samples were obtained in the morning after a 12-h fast. During 4 weeks before the study, the subjects were advised to avoid the use of vitamin supplements. Serum glucose (GL), total cholesterol (CHOL), high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C), and triglycerides (TG) were measured enzymatically by standard enzymatic methods at the Laboratory Department of the Tartu University Clinic. The variation coefficient of double analysis of lipids and lipoproteins was less than 5%. High-sensitive C-reactive protein (hsCRP) was determined by latex particle-enhanced immunoturbidimetric assay (Roche Diagnostics) with an automated analyser Hitachi 912.
Blood samples for diene conjugates (DC) and oxidized LDL (oxLDL) were stored at À701C until the analysis. DC and oxLDL levels were measured according to the method described previously. 22, 23 For oxLDL, within-assay variation 
Statistical analysis
The results are presented as a mean7standard deviation. The Pearson product moment or Spearman correlations were used to determine the relationships between variables. Partial correlation analysis was used to eliminate the effects of age, smoking and physical activity. Student's t-test was performed for comparisons between the groups. The w 2 -test was used to determine the between-group differences in categorial variables (smoking, dietary habits, etc.). Calculations were performed with the SPSS 11.0 (SSPS Inc., Chicago, IL, USA) statistical package. Statistical significance was defined as Po0.05. Table 1 presents the mean body weight, BMI, body fat percentage, and MET values of the study groups. The distribution of those who had BMIX25.0 kg m
Results
À2
, was practically equal for ex-athletes and controls (39 and 34 subjects, respectively). Statistically significant differences in overweight data between the ex-athletes and controls did not exist.
Physical activity index (METs) was significantly higher in ex-athletes as compared to controls, although the variability of the METs among the two study groups was high. The w 2 test revealed no significant differences in smoking and dietary habits between the groups. Descriptive data showed that ex-athletes had a significantly lower CHOL and oxLDL in comparison with controls (Table 2) .
According to the correlation analysis among ex-athletes, statistically negative associations were detected between all measured overweight data (BMI, WHR, WC and fat percentage) and current physical activity (METs) -correlation coefficients (r) ranging between À0.476 and À0.796 (Po0.000). No statistically significant correlations were found between METs and overweight data in the control group.
Correlation analysis in ex-athletes also revealed significant inverse associations between METs, oxLDL, DC and hCRP (r ¼ À0.260 to -0.290, Po0.05), but not in the control group. At the same time, overweight indicators were significantly associated with the oxLDL, DC and hCRP in controls, but not in ex-athletes. Thus, for further association analysis, to increase the study power, the two study groups were linked. BMI was positively correlated to oxLDL (r ¼
, Po0.001), and hsCRP (r ¼ 0.520, Po0.000). Strongest correlation coefficients were detected between WC, hsCRP, oxLDL and DC, and correlations coefficients are presented according to physical activity (MET) quartiles (Figure 1) .
Partial correlation analysis (adjusted for age, physical activity and smoking) between lipoproteins, oxidative data and inflammatory data for two study groups are presented in Table 3 . Total cholesterol was significantly related to BMI, fat percentage and WHR in controls, but not in ex-athletes. Correlation coefficients were stronger for the oxLDL as compared to LDL-C, and were statistically significant only in controls.
The most expressed positive adjusted correlations with overweight and abdominal obesity values were detected in the case of hsCRP, TG and DC. Among the ex-athletes, there 15 There are no data available between the grade of OxS and CVD risk factors in relatively healthy population groups, as in former ex-athletes. Our previous research has revealed that CVD risk level in former male athletes was relatively low in those subjects who continued to lead a physically active lifestyle. 11 On the other hand, overweight status and obesity were found to be significant contributors in the OxS and inflammation-based CVD risk profile among the former athletes. 11, 18 However, it is not clear through which important atherogenic markers overweight can express increased CVD risk level in those who are physically active and have presumably high cardiorespiratory fitness. In the present study, ex-athletes were characterized by relatively high sports activity participation rate and this may improve the CVD risk profile independently of overweight status. It is known that obesity adversely affects plasma lipids, especially increasing triglycerides and decreasing the level of high-density lipoprotein-cholesterol. 25 In the present study, former male athletes showed significantly lower total cholesterol and oxLDL-C level in serum than age-matched controls (Table 2) . Significantly better lipoprotein profile and oxidative stress level in physically active in comparison to sedentary ex-athletes has also been shown previously.
11
No significant differences were found in overweight characteristics between the ex-athletes and controls (Table 1) . However, according to correlation analysis, physical activity level was a powerful predictor of OxS and inflammatory indicators (oxLDL, DC and hsCRP), as well as overweight values in ex-athletes, but not in controls. As there was a relatively low physical activity participation rate among the controls, this may explain the underestimation of the importance of regular physical activity in relation with biochemical and overweight data. Thus, to eliminate the effect of physical activity (METs) and other potential Overweight and novel cardiovascular risk factors E Pihl et al confounders in the determination of independent relationships between OxS, low-grade inflammation and obesity, we used partial correlation analysis (Table 3) . According to this, some of the significant associations disappeared or became weaker. The analysis showed that traditional CVD risk factor -total CHOL -has significant independent relationships with BMI, fat percentage and WHR in the control group, not among the ex-athletes. As seen from the descriptive data ( compelling evidence that TG elevation is an independent CVD risk factor. The present study revealed that TG had also significant relations to WC, BMI, fat percentage, and WHR among two study groups. This is in a good agreement with research linking high TG level, obesity and abdominal obesity values. 27 Futhermore, LaMonte et al. 27 showed that good fitness level may improve the cardiovascular risk profile among women with elevated TG level and waist girth. However, in our study, sample size limitations prohibited meaningful tests of the analysis for the subgroup with elevated TG and WC, but initial study results did not reveal remarkable effect of physical activity on the TG and obesity/ abdominal obesity associations. LDL-C revealed less significant associations with the overweight and fat distribution parameters than oxLDL. It is also important to note that oxidized LDL-C had significant associations not only with the WC, but also with BMI and WHR. These associations were expressed in controls (Table 3) , whereas the correlation analysis among the total study group revealed that these associations were affected by the physical activity level (Figure 1 ). Van Gaal et al. 28 demonstrated in vitro that the oxidizability of non-HDL lipoproteins is significantly increased in obese subjects as compared to normal weight controls. In our study, DC had also significant adjusted relationships between WC, BMI, fat percentage and WHR. Thus, obesity is expressed via remarkably atherogenic oxidative stress. There is no causal explanation for these associations; however, recent reports have indicated that obesity and abdominal fat distribution induce endothelial dysfunction by oxidative stress. 29 It has been recently accepted that the elevated level of hsCRP is a very strong predictor for CVD. 30 The lower the hsCRP, the lesser the risk for CVD. One of our findings is that central fat distribution is more strongly related to hsCRP and OxS in comparison with overall obesity values (BMI and fat percentage). Our data demonstrate significant independent associations between WC, hsCRP, and DC ( Figure 1 , Table 3 ). This is in agreement with the study by Hak et al. 31 who also reported an independent association between WC and CRP levels. Visser et al. 32 showed positive relationships between obesity (BMIX30.0 kg m À2 ), elevated WHR and CRP. According to our data, WC was the best correlate of hsCRP, oxLDL, TG and DC levels.
In conclusion, our study demonstrates that atherogenic inflammatory and systemic oxidative stress values are significantly associated with overweight values in ex-athletes as well as in age-matched controls, but physical activity level is a strong contributor of these associations. WC was the best correlate of hsCRP, oxLDL, DC, and TG levels. Overweight and novel cardiovascular risk factors E Pihl et al
